Little is known about risk perception of secondhand smoke (SHS) and its changes over time. The aim of the study was to examine the role of smoking status and demographics on perceiving a range of health risks of SHS exposure and their trends over time among a representative sample of the Irish general population.
intrOdUCtiOn
Health risks posed by smoking are well documented as are the perceptions of these risks (Slovic, 2001) . For example, Power, Neilson, and Perry (2004) found that the Irish general population are well aware of the dangers of smoking but underestimate the importance of smoking relative to other external causes of death. Accuracy of perceived risk estimates in comparison to epidemiological estimates have been found to vary by age and smoking status, with smokers usually estimating the risks of smoking lower compared with nonsmokers (optimistic bias).
Risk perception of the harmful effects associated with smoking was identified as one of the major factors for smoking cessation (Romer & Jamieson, 2001) . Research on the accuracy of risk perception of smoking is highly controversial. Viscusi (1990) , based on U.S. data, has argued that people generally overestimate the risks of smoking and that the decision to smoke is largely based on a rational appraisal of risks and benefits. However, data from other studies (Cummings et al., 2004; Weinstein, 1998 Weinstein, , 2001 ) including the United Kingdom (Sutton, 1998) suggest that people underestimate both the risk of addiction and long-term health risks of smoking. Research suggests that some health risks of smoking, such as lung cancer, are well recognized; however, other risks to health outcomes are underestimated (Weinstein, 2001) .
The health risks of secondhand smoke (SHS) have been well documented and include asthma (Jaakkola, Jaakkola, Becklake, & Ernst, 1996; Jaakkola, Piipari, Jaakkola, & Jaakkola, 2003; Tamim, Musharrafieh, Roueiheb, Yunis, & Almawi, 2003) , lung cancer (Hackshaw, Law, & Wald, 1997; Kreuzer et al., 2002; Siegel & Skeer, 2003) , heart disease (Iribarren, Darbinian, Klatsky, & Friedman, 2004; Kritz, Schmid, & Sinzinger, 1995; Law, Morris, & Wald, 1997; Pitsavos et al., 2002; Whincup et al., 2004) , bronchitis (Leuenberger et al., 1994; Radon et al., 2002) , development of ear infections among children Advance Access publication May 27, 2014 nicotine & tobacco research, volume 16, number 8 (august 2014) 1121-1128 (Charlton, 1994; Lieu & Feinstein, 2002; Lyons, 1992) , and some evidence on diabetes (Hayashino et al., 2008; Houston et al., 2006; Panagiotakos & Pitsavos, 2006) . Epidemiological risk estimates are available from meta-analyses that summarized the available high-quality research evidence and compared disease risk of nonsmokers exposed to passive smoking with those unexposed to passive smoking, for example, for lung cancer (48% significant risk increase in men and 20% significant risk increase for women) (Zhong, Goldberg, Parent, & Hanley, 2000) and heart disease (25% significantly increased risk) (He et al., 1999) . The risk for children exposed to household smoking increased significantly by 32% for middle ear infections and 69% for middle ear disease (Jones, Hassanien, Cook, Britton, & Leonardi-Bee, 2012) .
Similar to smoking, risk perception of SHS has been found to vary by smoking status with smokers estimating most of the risk attributed to SHS at a lower level than nonsmokers (Duaso, De Irala, & Canga, 2006; Green, Courage, & Rushton, 2003; Halpern-Felsher & Rubinstein, 2005; Jones, Love, Thomson, Green, & Howden-Chapman, 2001) .
A number of studies have examined the perception of nonspecific risk associated with SHS, for example, using questions such as: "Is smoke from other people's cigarettes harmful to you?" (Bird et al., 2007) and "A smoky work environment is harmful to my health" (Duaso et al., 2006) . Many studies were focused on adolescents; one among American adolescents (Halpern-Felsher & Rubinstein, 2005) focused on the risk perception of SHS exposure on asthma, lung cancer, heart attack, and breathing difficulties. Few studies have examined the risk perception of SHS in a general population with changes over time.
The Psychometric paradigm assumes that specific hazard features enhance perceived risk (Slovic, 2001 ) such as low controllability and involuntary exposure. The smoke-free workplace legislation highlighted the consequence of SHS exposure as an involuntary risk for some (e.g., bar workers); therefore, it was no longer portrayed as just an individual risk but now as a societal level risk. The Psychometric paradigm has been complemented by cultural theories and social cognitive theory in risk perception research with the emphasis on risk as social construct which reflects the values, symbols, and ideologies of a given society and societal subgroups (Weinstein, 1980) . This conceptualization of risk may be particularly useful in explaining changes over time in a society with expanding tobacco control measures and patterning of risk perceptions by sociodemographics and smoking status. Louka, Maguire, Evans, and Worrell (2006) state how risk perceptions of smoking have changed dramatically over the last 10 years and illustrated that cultural beliefs, social meanings, and attitudes play a significant role in the acceptability of SHS and of health legislation. Media have also been found to play a role in development of the socially constructed risk knowledge (Sjöberg, Moen, & Rundmo, 2004) . Power et al. (2004) found that current smokers, younger age, female gender, lower educational attainment, and lower income were less likely to identify smoking as the main cause of death. Optimistic bias, which can be evident among smokers (Viscusi, 1990; Weinstein, Slovic, & Gibson, 2004) , may transfer to their risk perception of SHS exposure.
In Ireland, the risks posed by SHS exposure have received substantial attention with changes in health warnings on cigarette packs and the introduction of the nationwide smokefree workplace legislation. It is likely that the extensive media coverage and public discussion about harmful effects of smoking has contributed to an increased risk perception of SHS among the Irish population.
This research forms part of the Smoke-free Ireland study (SmofrI Study). First, we examined changes in risk perception of SHS in the Irish general population and compared risk perceptions of Irish General Practitioners (GPs) to the general population. General practitioners play a crucial part as role models for health behaviors, communicators of health messages, and have an important role in smoking cessation advice delivery. Health care professionals have been found to have a risk perception of smoking that is closer to the epidemiological risk estimates than the general population (Power et al., 2004) . Similar evidence exists for health care professionals' risk perception of SHS exposure (Hodgetts, Broers, & Godwin, 2004) and as such we believe GPs provide a suitable benchmark for the general population data.
Second, we focused on changes in risk perception of SHS overtime by smoking status and investigated personal characteristics associated with these perceptions. Thirdly, we focused on lung cancer as the most recognized risk of both smoking and SHS exposure and on ear infections in children as a relatively unknown risk in order to highlight important gaps in risk perception and provide focus for future health campaigns.
This article assesses trends in the risk perceptions of SHS by the Irish general population over 7 years, considers if smokers continue to have lower risk perception of SHS compared with nonsmokers, and examines the specific risk perceptions of lung cancer and ear infections in children.
MethOds
Two datasets were used in our analysis; the first dataset consisted of two repeated cross-sectional (telephone survey) samples of Irish adults in 1999 and 2006 (n ≅ 1,000, quota sampling). The second a representative sample of GPs from two Irish counties Cork & Kerry in 2006. Ethical approval was obtained from the clinical research ethics committee of the Cork Teaching Hospitals.
Sample Selection
General Population A national repeated cross-sectional telephone survey was conducted with a representative sample of the general population drawn by market research companies using quota sampling. This survey was attached as a module to the Economic and Social Research Institute (ERSI) National Survey on Economic and Lifestyle Issues in 1999 (Power et al., 2004) and to the TNS mrbi national poll in 2006 (n = 1,000). In both studies, participants were selected based on randomly generated phone numbers; targets were set in relation to sex, age, occupational class, and region. Although quota sampling was used, not all targets were exactly met, and data were weighted to adjust for sample over-or underrepresentation of region, social class, gender, and age group. Weighted data were used in all analyses of the general population.
General Practitioners
Data were obtained from a telephone survey in 2006 conducted by trained interviewers. A representative sample of GPs drawn from a list of all GPs practicing in the counties Cork and Kerry (Republic of Ireland) was surveyed in 1999 (Power et al., 2004) . In 2006, 133 of these GPs were followed up (80.7% response rate). A second group of GPs (n = 115) was added to represent younger GPs; these were randomly selected from a list of recently qualified (within the past 7 years) GPs, giving a total of 248 GPs surveyed in 2006.
This sample was used as a benchmark for the general population data. Although not necessarily experts in SHS exposure, this group has probably the highest level of accuracy in health-related perception of tobacco-related risk in the general population.
Measures

Sociodemographics and Smoking Behavior
Smokers were defined as someone who self-reported to currently smoke on a regular basis or on an occasional basis. Participants from the general population were asked about their gender, age group, employment status, marital status, and level of education completed. Age was grouped as 16-29, 30-49, 50-64, and 65 and above; employment status was treated as currently employed/self-employed and currently not employed (including student, retired); marital status was classified into married, single, or widowed/divorced/separated; and education was dichotomized as High School or less versus University level. GPs were asked about their sex, smoking status, and the year of qualification.
Risk Perception of SHS
Risk perception was assessed by "I would like you to indicate whether a nonsmoker who regularly breathes in someone else's smoke increases the risk of a nonsmoker getting" each of the following: asthma, lung cancer, heart disease, bronchitis, ear infections in children, and diabetes. Respondents were asked to indicate whether exposure to SHS "increases risk" or "does not increase risk" of the particular disease for a nonsmoker. The variable was dichotomized with the categories: "increases risk" and "does not increase risk/do not know" for further comparisons.
Sample Demographics-General Population
Due to the sampling strategy employed and weighting used, both general population samples were considered to be representative of the Irish general population in 1999 and 2006. In 2006, 49.3% (n = 493) were male, mean age was 41.7 years (SD = 16.8). Twenty-six percent (26.7%, n = 267) self-reported to be current smokers, whereas 24.2% (n = 242) self-reported to be ex-smokers.
Sample Demographics-General Practitioners
Fifty-eight percent (n = 144) of the GPs were male; 8% (n = 19) self-reported to be current smokers, whereas 29% (n = 71) selfreported to be ex-smokers. The median number of cigarettes consumed by smokers was 13 (per week day, IQR = 24).
The Irish College of General Practitioners (ICGP) holds membership with over 90% of GPs in Ireland. The ICGP provided a gender and age profile of their membership, which was comparable to the Cork & Kerry GP sample. Weights derived from the ICGP information were used in the analysis. The results were unaffected by these weights; therefore, unweighted data were used.
Statistical Analysis
Data analysis was conducted using IBM SPSS 20.0 (IBM Corp, Armonk, NY). Pearson's chi-square tests were used to examine differences within each subgroup (sex, age group, marital status, and education) between 1999 and 2006 in the general population.
First we examined the differences in the proportions between the two samples who perceived SHS to be harmful to particular health conditions using Pearson's chi-square tests with Yates Continuity Correction for 2-by-2 tables. The proportions were also calculated for the GP 2006 sample as comparison. Second, we built six separate logistic regression models for each sample to study the differences between smokers and nonsmokers with regard to their risk perception. The risk perception variable for each particular disease served as outcome; smoking status (current smokers vs. current nonsmokers with smokers as reference group) was the predictor variable. In a second step, analyses were adjusted for age category, gender, education, employment status, and marital status. Age category and education were entered as indicator variables. Goodness of fit was determined using the Third, we compared the proportions between the two samples by person characteristics (gender, marital status, education, and age group) treating all variables as nominal variables using chi-square tests with Yate's continuity correction for 2-by-2 tables in order to identify whether risk perception changed more dramatically from 1999 to 2006 in particular subgroups.
As is evident in other research, smoking status (Duaso et al., 2006; Green et al., 2003; Halpern-Felsher & Rubinstein, 2005; Viscusi, 1991) and age (Slovic, 2000; Sutton, 1998; Viscusi, 1991) were significant factors in estimation of risk perception of smoking and SHS. Level of education, employment, and marital status may also be considered important. Where applicable adjustments were made to account for differences in sociodemographics and smoking status between the 1999 and 2006 general population samples; these differences were considered a true reflection of the change in the Irish population over this time period.
resUlts
Differences in Risk Perception of SHS Among the General Population
Significant increases from 1999 to 2006 in the general population's risk perception of SHS could be seen for asthma, lung cancer, heart disease, bronchitis, and a significant decrease for risk perception of SHS for diabetes (Table 1) .
Comparison to General Practitioners
In comparison to the general population (2006), GPs estimated the risk perception of SHS to be similar for asthma and higher in all other diseases except diabetes (28%:10% in general population and GPs, respectively) ( Table 1 ). The starkest contrast can be seen within ear infections in children with 81.5% of GPs compared with only 46% of the general population reporting the risk perception of SHS exposure to increases a child's risk of ear infections.
Comparisons Between Smokers and Nonsmokers
As expected, risk perception among smokers was lower than among nonsmokers (Table 1) . However, the disparity in risk perception of SHS between smokers and nonsmokers narrowed from 1999 to 2006, with most notable differences seen for heart disease; similar changes were seen for lung cancer and bronchitis. There was no change in disparity of 7% points between smokers and nonsmokers from 1999 to 2006 in the risk perception of ear infections. Table 2 shows the crude and adjusted odds ratios comparing smokers and nonsmokers with smokers as the reference group. Nonsmokers had a higher risk perception of all stated diseases posed by SHS in comparison to smokers, with ear infections in children in 2006 the only risk found to be nonsignificant.
Adjusting for gender, age, marital status, employment status, and education made small changes to the odds ratios.
Risk Perceptions of Lung Cancer and Ear Infections in Children: Changes From 1999 to 2006
Lung cancer was one of the most commonly recognized risks of SHS exposure (93% of general population in 2006). However, less than half (46%) of the general population were aware of the risks SHS exposure produces for a vulnerable group like children. This awareness has been unchanged since 1999 (45%), and it was the only SHS health risk examined in this study that did not differ by smoking status.
For a more in-detail understanding, we examined some of the individual factors associated with the awareness of lung cancer risk and the nonawareness of ear infections in children among the general population. Table 3 details significant improvements in risk perception of lung cancer due to SHS exposure for both genders, all marital status groups, both educational groups, and all age groups Note. SHS = secondhand smoke. *p value from chi-square using yes vs. rest (no and don't know).
Lung Cancer
except among the >65 year olds. Significant differences in perception of this risk by age can be seen in both 1999 and 2006; the youngest age group (16-29 years) reported the largest agreement in both 1999 (90%) and 2006 (96%). Note. SHS = secondhand smoke. a Within the general population from 1999 to 2006; differences in proportion answering yes "increases risk." *p values refer to difference between 1999-2006; **p values refer to within year differences.
Ear Infections in Children
and nonsmokers was narrowing with most notably improvements seen for heart disease, lung cancer, and bronchitis. Members of the general public and GPs were similar in risk perception of SHS with the important exception of ear infections in children. Worryingly in 1999 and 2006 less than half of the general population respondents identified SHS as a risk factor for ear infections in children. Chronic ear infections in children are not a minor ailment and may lead to serious longterm consequences including hearing loss (Lyons, 1992) . From our study, it was surprising that those with higher levels of education did not show any changes over time. To the best of our knowledge, this is the only study to examine risk perception of SHS on ear infections in children.
The concept of risk perception has been conceptualized and measured differently in research. Therefore, comparison of our findings with other results is difficult. In our research, risk perception is measured as dichotomous variable comparing those who believe that SHS exposure increases risk versus all other groups. As pointed out by Baghal (2011), the way risk perception is measured may influence the responses, and different risk perception measures may be more or less predictive of smoking behavior. Our research is limited as it does not provide insight into how high people perceive the risk of SHS exposure. Previous research measured perceived level of risk either by determining numeric estimates or by grading the risk using rating scales, for examples, into "high," "medium," and "low" (Baghal, 2011) .
Few studies provided a suitable comparison with this research due to differences in questions asked or sample characteristics (Bird et al., 2007; Duaso et al., 2006) . A study among American adolescents (Halpern-Felsher & Rubinstein, 2005) focused on some of the same health risks as our study but direct comparisons were not possible because the questions were in a different format and the focus of the questions was on the level of risks to nonsmoking adolescents. The adolescents were asked to estimate the chance (0%-100%) of a nonsmoking adolescents developing asthma, lung cancer, heart attack, and having trouble breathing as a results of exposure to SHS; results were presented as mean percentages.
In New Zealand, Jones et al. (2001) assessed the risk perception of SHS on asthma, cancer, and stroke in 1999. Their findings were comparable to our 1999 general population data with 80% agreeing that SHS increases the risk of asthma in New Zealand compared with 83.5% in Ireland. Jones et al. (2001) examined the risk perception of bar and restaurant workers exposed to high levels of SHS, who may respond differently than a general population sample.
The findings from this research span 7 years encompassing the introduction of the smoke-free workplace legislation and other tobacco control measures; therefore, we cannot provide insight into the specific contribution one single tobacco control measure has had on changes in risk perception of SHS exposure. Despite concerns that the workplace smoking ban would result in the displacement of smoking from the pub to the home, research suggested either an increase in the number of voluntary smoking restrictions resulting in reduced SHS exposure in the home in Ireland (Fong et al., 2006 ), New Zealand (Edwards et al., 2008 ), and Scotland (Akhtar, Currie, Currie, & Haw, 2007 or no change (Haw & Gruer, 2007; Hyland et al., 2009) . The true significance of the potential impact of SHS exposure on children's health may not have been articulated by health information campaigns and is an area of particular note for future health campaigns in Ireland.
Limitations
Diabetes was initially included as a potential indicator of false positive responses reflecting generalized concerns regarding the effects of smoking. Unfortunately, it was a poor choice as there are genuine, albeit relatively small and recently identified effects of smoking on risk of diabetes (Hayashino et al., 2008; Houston et al., 2006) . GPs who are familiar with the major and well publicized hazards of smoking would be expected to report less risk associated with diabetes, whereas members of the general public who are sensitized to the dangers of smoking will be more likely to associate smoking with diabetes. In 1999, this association was mainly unknown and only in recent years supporting evidence has emerged (Hayashino et al., 2008; Houston et al., 2006) . We suspect, as confirmed by our health care professionals, this possible relationship would not be widely recognized. Our findings related to diabetes are therefore difficult to interpret. It may be the case that the general population would consider the risk perception of SHS exposure so grave that it is linked with any adverse health outcome. It is unclear whether this mechanism explains risk perception in our study for all risk factors; however, we consider this unlikely.
Although increases in risk perception of SHS exposure are encouraging, this may not be expressed in behavior or practices (Rothman & Kiviniemi, 1999) . Further research is needed to examine the relationship between knowledge and the perception of the absolute and cumulative risk of SHS and the role optimistic bias may have in risk perception of SHS exposure, specifically among children and how it affects the behavior of smokers and nonsmokers. Future research should go beyond the simple dichotomous risk perception measure of SHS used in this study and provide a qualitative measure assessing the perceived level of risk on a rating scale and quantitative measures with quantification of risk level in order to determine the best predictor for smoking behaviors. Future research should also develop questions specifically investigating risk perception of SHS in relation to children.
Conclusions
Risk perceptions of smoking are well documented and are found to differ by smoking status. Risk perceptions of secondhand smoke are less well known among adults and little is known about changes in this risk perception over time.
This study summarizes improvements in risk perception of SHS exposure over time within a country with advanced tobacco control measures. It outlines improvements in the general population's risk perceptions of SHS exposure and encouraging evidence of a narrowing gap between smokers and nonsmokers. However, this research does point to a lack of appreciation among the general population of risk posed by SHS exposure to a vulnerable subset of the population, namely, children. Protection of children from SHS needs attention internationally. With Ireland introducing legislation to restrict children's exposure to SHS in cars, a further step in relation to tobacco control may have been achieved. 
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